Abstract-It is known that bulk metallic samples reflect microwaves while powdered samples can absorb such radiation and be heated efficiently. In the present work we studied mechanisms of microwaves absorption of the metallic powders from three-layered particles. The present paper shows dependence of the effective permittivity from the volume fraction of particles and from the thickness of shell for different volume fraction of particles. Also we show the distribution of heat absorbed inside the plate from the composite plate.
INTRODUCTION
Microwave (MW) radiation frequencies range from 0.3 GHz to 300 GHz corresponding to wavelengths of 1 m to 1 mm. They cover the electromagnetic spectrum from radio wave frequencies to far-infrared frequencies. In the filed of materials processing microwave radiation has been successfully and substantially applied to ceramics and non-metallic glasses. The absorbed microwave energy converts into heat within the material and increases its temperature. All states of matter: solids, liquids, gases and plasma can interact with microwaves.
In materials science microwave radiation has been traditionally applied to ceramics. It has been shown that microwave energy could be used for processing full-scale ceramic products. As microwave radiation causes internal heating of the material then lower temperatures and shorter times can be used compared to those applied at conventional heating. Microwave processing can reduce sintering time by a factor of 10 in some cases and minimize grain growth.
In the present work we studied heating mechanisms of metallic powders from three-layered particles by microwaves with frequency is 2.45 GHz.
THEORETICAL MODEL
Equations, figures, tables and references should follow a sequential numerical scheme in order to ensure a logical development of subject matter.
Let us consider the three-layered spherical particles, which randomly distributed in gas (for example, in air) or vacuum. According to effective medium approximation (EMA) an average value of electric displacement of effective medium connects with an average value of electric field strength as
where ε eff is the effective permittivity of composite,Ē 0 is the external electric field, D = (1/V ) VD dV , V is the volume of the whole composite. It is follow from (1) , that for calculation of effective permittivity of composite we need to know the expressions for electric field strength in spherical particle and gas (vacuum). Firstly we consider one spherical particle. Let the radius of core is R 1 , the external radius of intermediate layer is R 2 and the external radius of shell is R 3 . According to the electrostatic theory [1] expressions for electric potential inside and outside the particle can be presented as
where C i is constants which are calculated from standard boundary conditions
Here ε 1 is the effective dielectric permittivity of core, ε 2 is the dielectric permittivity of intermediate layer, ε 3 is the dielectric permittivity of shell, ε 4 is the dielectric permittivity of gas (vacuum). After substitution Equations (3) in the boundary conditions (2) we find the constants C i . Final expressions for electric potentials are:
where
The electric field strength and the electric potential are connected by help of equationĒ = −∇ϕ. Substitution expressions (4) in this equation give us the following results:
In EMA we deal with a mixture of two types of spherical particles, which are randomly distributed in the effective medium. The first type of particles is three-layered particles. As second type of particles we will consider spherical inclusions of gas (vacuum). It is considered that the permittivity of such a composite is equal to the permittivity of the effective medium.
The electric field inside the second type of particles is determined as [1] E g = 3ε eff ε g + 2ε effĒ 0 .
Here ε g is the dielectric permittivity of gas or vacuum. The electric fields inside the first type of particles are expressed by the Formula (5) in which ε 4 = ε eff (because both kinds of particles are distributed in the effective medium). After substitution of electrical fields (5) and (6) in Equation (1) and their integration we find the final equation for calculation of the effective permittivity of composite from three-layered spherical
p is the volume fraction of solid spherical particles in effective medium. Let us consider the dependencies of effective permittivity of the powder and electric and magnetic fields inside the powder sample from different parameters which are contained in Equation (7). Figure 1 presents the dependence of the effective permittivity from the volume fraction of the solid spherical particles p. It is seen from Fig. 1 that the effective permittivity at small volume fraction of the particles is close to the effective permittivity of gas (vacuum). Figure 2 presents the dependence of the effective permittivity from the thickness of the shell of particle at different volume fraction of solid spherical particles. The real part of the effective permittivity first increases at increasing of the shell thickness then reaches a maximum and after that decreases asymptotically to an almost constant value. The imaginary part of effective permittivity at small thickness of shell has the maximum value and with increasing of shell thickness fast decrease to constant value. The effective permittivity also increases with increasing volume fraction of the solid spherical particles. In all cases we suppose that permittivity of gas (vacuum) is ε g = 1, the permittivity of the each layer of particle is ε = ε ∞ + i4πσ/ω (ε ∞ is the permittivity of the layer of particle at high frequencies ω → ∞; σ is the conductivity of the layer of particle), the conductivity of core is σ 1 = 36.9 * 10 16 c −1 , the conductivity of intermediate layer is σ 2 = 4.9 * 10 16 c −1 , the permittivity of core is ε 1 = 10 + i4πσ 1 /ω, the permittivity of intermediate layer is ε 2 = 10 + i4πσ 2 /ω, the permittivity of shell is ε 3 = 3.8+i0.000228, the amplitude of external alternative electromagnetic field is h 0 = 1 Oe, and the frequency of external alternative electromagnetic field is ω/2π = 2.45 GHz.
It is known [1] , that a heat density absorbed in the plate per second is a sum of electric Q e and magnetic Q h parts of heat and it is expressed as
Here the square of modulus of electric and magnetic strengths can be written as [2] 
where an asterisk means a complex conjugation. Here k is the wave number in the plate
µ is the magnetic permeability. We suppose that magnetic permeability is µ = µ + iµ = 1 + i0.1. Figure 3 shows the distribution of electric Q e and magnetic Q h contributions to a whole heat absorbed inside the plate from the composite. 
